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VHW RI EHQFKPDUN IXQFWLRQV DQG 3' FRQWUROOHU WXQLQJ RI D VLQJOH OLQN IOH[LEOH URERW
PDQLSXODWRUV\VWHP6/)5067KH UHVXOWVVKRZWKDW WKH&6'$RXWSHUIRUPV WKH6'$
ZLWKHQKDQFHGVHDUFKFDSDELOLW\DQGHVFDSLQJORFDORSWLPD
,QWURGXFWLRQ
0HWDKHXULVWLF DSSURDFKHV KDYH DWWUDFWHG VLJQLILFDQW DWWHQWLRQ RI UHVHDUFKHV DV





WKH SURFHVV RI JHQHWLF HYROXWLRQ SDUWLFOH VZDUP RSWLPL]DWLRQ WKDW PLPLFV WKH
FRPPXQLFDWLRQEHKDYLRURIILVKDQGELUGIORFNLQJ$UWLILFLDOEHHFRORQ\DOJRULWKP
EDVHG RQ WKH EHKDYLRU KRQH\ EHH IRUDJLQJ WKH IRRG VRXUFH >@ 6SLUDO G\QDPLF
DOJRULWKP 6'$ LVEDVHGRQ WKH VSLUDOSDWWHUQ VXFKDV LQ WRUQDGRV >@ LV DQ WKH
H[DPSOHRIQDWXUDOLQVSLUHGRSWLPL]DWLRQDOJRULWKPV
6LQFH LWV LQWURGXFWLRQ 6'$ KDV EHHQ DSSOLHG WR VROYLQJ YDULRXV UHDO
SUREOHPV,WKDVKRZHYHUEHHQQRWHGWKDWWKHDOJRULWKPFDQHDVLO\JHWWUDSSHGLQ
ORFDORSWLPDZKHQH[SRVHGWRVROYLQJKLJKGLPHQVLRQSUREOHPV7KHUHKDVDOVR
EHHQ DQ DWWHPSW WR UHVROYH WKLV LVVXH LQ 6'$ )RU H[DPSOH >@ SURSRVHG DQ
DGDSWLYH IRUPXODWLRQ E\ YDU\LQJ WKH VL]H RI UDGLXV DQG GLVSODFHPHQW RI VSLUDO
PRGHOLQRUGHUWRUHVROYHWKLVLVVXH
&KDRV KDV XQVWDEOH EHKDYLRU DQG DOVR KDV FRPSOH[ DQG ERXQGHG
FKDUDFWHULVWLF ,W JHQHUDWHV GHWHUPLQLVWLF VHTXHQFH DQG LV YHU\ VHQVLWLYH WR WKH

LQLWLDO VWDUWLQJ SRLQW 0DQ\ PHWKRGV KDYH EHHQ UHSRUWHG LQ WKH OLWHUDWXUH RQ
DWWHPSWV WR HQKDQFH DPHWDKHXULVWLF DOJRULWKP DUH XVLQJ FKDRWLF VHTXHQFH >@
7KH UHSRUWHG UHVXOWV VKRZ HQFRXUDJLQJ SHUIRUPDQFHV HVSHFLDOO\ ZLWK WKH
RSWLPL]DWLRQ DOJRULWKP HVFDSLQJ ORFDO RSWLPD SRLQWV ,Q WKLV SDSHU VXFK D




2.1 Spiral Dynamic Optimization Algorithm 
6'$LV LQVSLUHG IURPVSLUDOSKHQRPHQDVXFKDV WRUQDGRRUQDXWLOXV VKHOO7KH
FRQWUROSDUDPHWHUVIRUWKHDOJRULWKPDUHUDGLXVDQGURWDWLRQDQJOH7KHVHDUHWZR
FRQVWDQWDQGWKHLUYDOXHVDUHVSHFLILHGE\WKHXVHU>@7KHVHDUFKVWUDWHJ\LQD
PHWDKHXULVWLFV LV WR GHYLVH GLYHUVLILFDWLRQ LQ HDUO\ VWDJHV RI WKH VHDUFK DQG
LQWHQVLILFDWLRQ LQ ODWHU VWDJHV RI WKH VHDUFK ,Q 6'$ GLYHUVLILFDWLRQ RFFXUV
GXULQJ WKHHDUO\SKDVHRI WKHVHDUFKDQG LQWHQVLILFDWLRQ ODWHUQHDU WKHFHQWHURI













 ݔ௜ሺ݇ ൅ ͳሻ ൌ ܵ௡ሺݎǡ ߠሻݔ௜ሺ݇ሻ െ ሾܵ௡ሺݎǡ ߠሻ െ ܫ௡ሿݔכ 
ZKHUHݔכLVWKHVSLUDOFHQWHUSRLQWܵ௡ሺݎǡ ߠሻݔ௜LVDVWDEOHPDWUL[ݔ௜LVORFDWLRQRI
DSRLQWDW݅ ൌ ͳǡʹǥ Ǥ ǡ ݇ݎLVDURWDWLRQDOUDGLXVZKHUHWKHYDOXHRIݎLVͲ ൏ ݎ ൏
ͳDQG݇LVF\FOHQXPEHUV











&KHE\VKHY ݔ௜ାଵ ൌ ܿ݋ݏ൫݅ܿ݋ݏିଵሺݔ௜ሻ൯ 
ORJLVWLF ݔ௜ାଵ ൌ ܽݔ௜ሺͳ െ ݔ௜ሻǡ ܽ ൌ Ͷ 
,WHUDWLYH ݔ௜ାଵ ൌ ݏ݅݊ ൬
ܽݔ
ݔ௜
൰ ǡ ܽ ൌ ͲǤ͹ 
2.3 Chaotic Spiral Dynamic Optimization Algorithm 
7R LPSURYH WKH SHUIRUPDQFH RI 6'$ DQG DOVR WR RYHUFRPH WKH SUREOHP RI
DOJRULWKPJHWWLQJWUDSSHGDWORFDORSWLPDGXULQJWKHVHDUFKSURFHVVWKHFKDRWLF






x 6HWQXPEHURIVHDUFKSRLQWV݉ZKHUH݉ ൒ ʹ




x ,QLWLDO SRLQWV ݔ௜ሺͲሻ א ܴ௡ǡ ݅ ൌ ͳǡʹǡ ǥ Ǥ ǡ݉ UDQGRPO\ SODFHG LQ WKH
IHDVLEOH UHJLRQ DQG FKRRVH WKH FHQWUH RI VSLUDO ݔכ ൌ ݔ௜௚ሺͲሻǡ ݅௚ ൌ
 ݂൫ݔ௜ሺͲሻ൯ǡ ݅ ൌ ͳǡʹǡ ǥ Ǥ ǡ݉Ǥ

6WHS8SGDWHQH[WVHDUFKSRLQWݔ௜
 ݔ௜ሺ݇ ൅ ͳሻ ൌ ܵ௡ሺݎ௖௛௔௢ǡ ߠሻݔ௜ሺ݇ሻ െ ሾܵ௡ሺݎ௖௛௔௢ǡ ߠሻ െ ܫ௡ሿݔכǡ ݅ ൌ ͳǡʹǡ ǥǥ ǡ݉Ǥ 

6WHS8SGDWHFHQWUHSRLQWRIVSLUDOݔכ
 ݔכ ൌ ݔ௜௚ሺ݇ ൅ ͳሻǡ ݅௚ ൌ  ݂൫ݔ௜ሺ݇ ൅ ͳሻ൯ǡ ݅ ൌ ͳǡʹǡ ǥ Ǥ ǡ݉Ǥ 


6WHS  &KHFN ZKHWKHU WR WHUPLQDWH WKH VHDUFK ZKHQ ݇UHDFKHV PD[LPXP
WHUPLQDWHWKHVHDUFKSURFHVVRWKHUZLVHLQFUHDVH݇E\DQGJREDFNWRVWHS
9DOLGDWLRQXVLQJEHQFKPDUNIXQFWLRQV
7KH SHUIRUPDQFH DQG DFFXUDF\ RI WKH SURSRVHG RSWLPL]DWLRQ DOJRULWKP ZHUH


































൅ ͳ >@ 

,QWKLVVLPXODWLRQWKHLQLWLDOSDUDPHWHUVXVHGIRUERWK6'$DQG&6'$ZHUH






6'$ &6'$/RJLVWLF &6'$,WHUDWLYH &6'$&KHE\VKHY
$YHD 6WGE $YHD 6WGE $YHD 6WGE $YHD 6WGE
)        
)        

































DQG&6'$&KHE\VKHYRXWSHUIRUPHGRWKHU DOJRULWKPV LQ FDVH RI) ,W IXUWKHU
FOHDU LQ )LJXUH  WKDW 6'$ FRQYHUJHG SUHPDWXUHO\ E\ JHWWLQJ VWXFN DW ORFDO
RSWLPXP LQ DOO WKUHH FDVHVZKHUHDV WKH &6'$ DOJRULWKP FRQWLQXHG VHDUFKLQJ
DQGFRQYHUJHGIDVWHUDQGFORVHUWRWKHORFDORSWLPXPSRLQWV
6/)06FRQWUROWXQHGXVLQJ&6'$
7KLV VHFWLRQ SUHVHQWV UHVXOWV RI RSWLPL]DWLRQ RI 3' FRQWUROOHU GHVLJQ IRU VHW


























7KH UHVHDUFK IRFXV RQ WKH RSWLPL]DWLRQ RI WKH3' FRQWUROOHU XVLQJ&6'$
DQGWKHGHWDLOVRIWKH6/0)6FDQEHIRXQGLQ>@DQG3'FRQWUROOHUVWUXFWXUHIRU
6/0)6 FDQ EH IRXQG LQ >@ )LJXUH  VKRZV WKH 3' FRQWURO VWUXFWXUH RI WKH












YDOXH 7KHUH DUH VHYHUDO RI REMHFWLYH IXQFWLRQV WKDWPD\ EH FRQVLGHUHG LQ WKH
RSWLPL]DWLRQDOJRULWKPIRU WXQLQJWKHVHSDUDPHWHUVVXFKDVPHDQVTXDUHGHUURU
06(LQWHJUDORIVTXDUHGHUURU,6(DQGLQWHJUDODEVROXWHHUURU,$(,QWKLV
SDSHU 06( RI WKH DQJXODU SRVLWLRQ LV XVHG 7R VXSSUHVVHG WKH UHVSRQVH
RYHUVKRRW DQG XQGHUVKRRW WKH DEVROXWH PD[LPXP RYHUVKRRW ܱܵ DQG
XQGHUVKRRW ܷܵYDOXHVDUHZHLJKWHGݓDQGDGGHG WR WKH06(IXQFWLRQ7KXV
WKHUHVXOWLQJREMHFWLYHLVGHILQHGDV
 ܬ ൌ ቀଵ
ே
σ ሺ݁ሺݐሻሻଶே௞ୀଵ ቁ ൅ ȁܱܵȁ כ ݓଵ ൅ ȁܷܵȁ כ ݓଶ 
ZKHUHWKHHUURU݁ሺݐሻLVWKHGLIIHUHQFHEHWZHHQUHIHUHQFHDQJXODUSRVLWLRQ5IDQG
DFWXDODQJXODUSRVLWLRQߠሺݐሻ
7KHDOJRULWKPSDUDPHWHUVXVHG LQ WKLVZRUN WRRSWLPL]H WKH3'FRQWUROOHU
ZHUHQXPEHURIVHDUFKLQJSRLQW݉ ൌ ͶͲURWDWLRQDODQJOHș ʌVSLUDOUDGLXV
ݎ ൌ ͲǤͻVWDUWLQJSRLQWIRUDOOFKDRWLFPDSVZDVͲǤ͹Ǥ)LJXUHVKRZVKXEDQJOH
UHVSRQVHRIWKHPDQLSXODWRUZLWK3'FRQWUROOHUVGHVLJQHGXVLQJWKH6'$DQGWKH
&6'$ ,W LV QRWHG WKH V\VWHP UHVSRQVH ZLWK 6'$GHVLJQHG FRQWUROOHU KDG DQ






$PRQJ WKH WKUHH &6'$GHVLJQHG FRQWURO V\VWHPV WKH UHVSRQVH ZLWK
&6'$LWHUDWLYH W\SHZDV VOLJKWO\ VORZHU FRPSDUHG WR RWKHUV DQG WKH UHVSRQVH




DERXW  RYHUVKRRW LQ WKH UHVSRQVH RI WKH &6'$GHVLJQ FRQWURO V\VWHP
)XUWKHUPRUHWKHUHVSRQVHULVHWLPHVZHUHFRPSDUDEOHWRRQHDQRWKHUDPRQJWKH
V\VWHPV DQG WKH UHVSRQVH VHWWOLQJ WLPHRI WKH&6'$&KHE\VKHYEDVHG V\VWHP




0HDVXUHPHQW 6'$ &6'$/RJLVWLF &6'$,WHUDWLYH &6'$&KHE\VKHY
.S    
.G    
2YHUVKRRW    
6HWWOLQJWLPH    
5LVHWLPH    
6WHDG\VWDWHHUURU    
&RQFOXVLRQ
$FKDRWLFVSLUDOG\QDPLFRSWLPL]DWLRQDOJRULWKPE\LQFRUSRUDWLQJWKHSRWHQWLDO
DGYDQWDJHV RI FKDRWLF PDSV LQWR WKH VSLUDO G\QDPLF DOJRULWKP KDV EHHQ
GHYHORSHG7KHDOJRULWKPKDVFDSDELOLW\RI MXPSLQJRXWRI ORFDORSWLPDSRLQWV
DQG IDVW FRQYHUJHQFH WR DFFXUDWH UHVXOWV FORVH WR WKH JOREDO RSWLPXP

&RPSDUDWLYH DVVHVVPHQWV RI SHUIRUPDQFH RI WKH SURSRVHG DOJRULWKP LQ
EHQFKPDUN WHVW IXQFWLRQ DQG FRQWUROOHU GHVLJQ RI IOH[LEOH URERW PDQLSXODWRU
V\VWHPKDYHVKRZQWKDWLWRXWSHUIRUPVWKHRULJLQDOVSLUDOG\QDPLFDOJRULWKPDQG
WKXV FDQ EH XVHG DV SRWHQWLDO FRQWHQGHU LQ VROYLQJ RSWLPL]DWLRQ SUREOHPV RI
YDULRXVNLQGV
$FNQRZOHGJPHQW
0RKG 5X]DLQL ELQ +DVKLP LV FXUUHQWO\ RQ VWXG\ OHDYH DQG LV VSRQVRUHG E\




VXUYH\ DUWLILFLDO EHH FRORQ\ $%& DOJRULWKP DQG DSSOLFDWLRQV´ Artif. 
Intell. Rev.YROQRSS±0DU
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>@ /'LQJ+:XDQG<<DR³&KDRWLF$UWLILFLDO%HH&RORQ\$OJRULWKPIRU
6\VWHP ,GHQWLILFDWLRQ RI D 6PDOO6FDOH8QPDQQHG+HOLFRSWHU´ YRO 

>@ . 7DPXUD DQG. <DVXGD ³6SLUDO2SWLPL]DWLRQ´ QR  SS 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>@ + 3RHUZDQWR ³'\QDPLF VLPXODWLRQ DQG FRQWURO RI IOH[LEOH PDQLSXODWRU
V\VWHPV´8QLYHUVLW\RI6KHIILHOG
